background: Gene expression of cumulus cells (CC) could predict oocyte developmental quality. Knowledge of the genes involved in determining oocyte quality is scanty. The aim was to correlate clinical and biological characteristics during ovarian stimulation with the expression of 10 selected genes in CC.
Introduction
The intrafollicular signaling processes and the molecular events driving ovulation are still largely unknown. This process, initiated by a rise in LH or by hCG administration, enables the release of competent oocytes (Espey and Richards, 2002) .
The complex inter-and intracellular communication that coordinates follicle differentiation and oocyte maturation involves the 4 cell types of the ovarian follicle: theca, mural granulosa, cumulus cells (CC) and oocyte. The reciprocal cumulus -oocyte communication in particular deserves further scrutiny, because its preservation contributes to oocyte competence up to fertilization (Albertini et al., 2001) . Expression analysis by microarray confirmed that CC represent a distinct population, in as much as these cells not only respond to ovulation with mucification and expansion, but also express neuronal and immune response-related genes in reaction to ovulation to ensure a stable and protective environment for the oocyte .
For this reason, analyzing CC gene expression in assisted reproduction treatment (ART) cycles is an attractive non-invasive approach to evaluate the oocytes' developmental competence. Full transcriptome analysis in human CC indicated that CC expression correlates to oocyte developmental potential (Hamel et al., 2008; van Montfoort et al., 2008) . Replication of these data in fresh biological samples, however, indicated that a maximum of 40% of the results could be confirmed by array (Hamel et al., 2008) or 33% by quantitative PCR (Q-PCR; van Montfoort et al., 2008) . The apparent 'loss' of differentially expressed genes could be attributed to technical differences, but could in part also be a result of the patient's specific treatment regime and differences in genetic background. This inter-patient variation could result from differences in patient characteristics with known effects in reproduction, including age, BMI and ovarian response to the type of gonadotrophin preparation used, the latter also influencing serum steroid levels and follicle fluid cytokine profiles (Smitz et al., 2007 , Foster et al., 2009 .
In ART, CC become available after follicle aspiration, before completion of ovulation. For this reason, we analyzed a panel of 10 genes (Table I) , which have been found to be regulated in CC using micro array analysis in relation to oocyte competence (unpublished data) and are related to the ovulatory LH response. For these genes the importance of patient-to-patient variation is investigated.
The aim of this study was to identify the patient and treatment cycle related variables that significantly influence gene expression in the cumulus oocyte complexes (COC) of 63 patients undergoing controlled ovarian stimulation (COS) with highly purified (HP) hMG or recombinant FSH (rFSH). A total of 13 patient and treatment related variables were tested for their possible interaction with the expression levels of the ten selected genes. For each gene, the three strongest variables and their positive or negative correlation to the expression are discussed in relation to the type of gonadotrophin used.
Materials and Methods

Patient population and ovarian stimulation
This study was approved by the Ethics Committee of UZ-VUB Brussel. Over a period of 6 months, the patients attending the fertility clinic at UZ-VUB Brussel for ICSI, but without severe male factor, and stimulated with HP-hMG or rFSH, were considered for inclusion. Participation in the study involved CC gene expression analysis and collection of patients' stimulation and oocyte-development related characteristics. Sixty-three patients undergoing COS with ICSI were enrolled into the study. COS consisted of the administration of HP-hMG (Menopur, Ferring Pharmaceuticals, Copenhagen, Denmark; n ¼ 35) or rFSH (Gonal-f, Serono, Geneva, Switzerland; n ¼ 15 or Puregon, Organon, Holland; n ¼ 13) following down-regulation using a GnRH-agonist in a long protocol. Daily doses ranged from 121 to 406 IU/day for rFSH and from 134 to 375 IU/day for HP-hMG. GnRH agonist was administered for at least 14 days before starting ovarian stimulation whereas gonadotrophins were administered in incremental doses for 7 -17 days. Follicular development was monitored by pelvic ultrasound. The endocrine profile was evaluated by analysis of serum 17b-estradiol (E 2 ), progesterone, FSH and LH on two to four consecutive days. We used only the final dosage, on day of hCG, as a variable in the study. About 10 000 IU of hCG were administered to induce final follicular maturation when at least three follicles of at least 17 mm diameter were observed by transvaginal ultrasound, and oocytes were aspirated 36 h later. ICSI was performed as described previously (Van Landuyt et al., 2005) .
Patient characteristics, biological variables and embryo development were recorded and were found to be comparable in the two treatment groups (Table II) . The study population consisted of ICSI patients with male factor subfertility as the most frequent indication for ART (69% in the HP-hMG group and 82% in the rFSH group). In a minority of couples, a female factor of subfertility was identified (7 and 6% in the HP-hMG and rFSH group, respectively). In 10% of couples in the HP-hMG group and 6% in the rFSH group, the indication for ART was idiopathic subfertility. A combination of male and female (tubal pathology) factors was observed in 14 and 6% in HP-hMG and rFSH patients, respectively.
Evaluation parameters
Three categories of variables were evaluated for their influence on the gene expression observed in the CC at oocyte retrieval: patient characteristics, ovarian stimulation dependent variables and oocyte developmental competence related variables. These three categories, yielding a total of 13 variables, are enumerated in Table II . The variables related to oocyte developmental competence comprised: (i) oocyte maturation rate, i.e. the number of metaphase II (MII) oocytes calculated over the total number of COCs retrieved (Oocyte Maturity); (ii) fertilization rate, i.e. the proportion of 2 pronuclei (PN) observed at 16 -18 h after insemination over the number of intact oocytes after ICSI (2PN); (iii) embryo developmental rate, i.e. the proportion of embryos at least at the 7-cell stage on Day 3 post-ICSI over the number of 2PN (!7-cell Day 3); (iv) degree of fragmentation in embryos, calculated as the proportion of embryos with less than 10% fragmentation on Day 3 over the number of 2PN (Low Fragmentation); (v) proportion of good quality embryos, i.e. embryos containing at least 7 cells and ,10% fragmentation on Day 3 post-insemination, calculated over the total number of 2PN (Good Quality Embryos).
Handling of human CC
COCs were retrieved at 36 h post-hCG and washed in multiple dishes with human tubal fluid (HTF, Lonza, Verviers, Belgium) supplemented with serum substitute supplement (SSS, Irvine Scientific, CA, USA) to free them of any remaining floating granulosa cells (GC), blood, cell debris and large (mural) cell clumps. COCs were incubated in fertilization medium (Universal IVF medium, Medicult, Denmark) covered with paraffin oil (Irvine Scientific, CA, USA) until denudation. The time interval between oocyte retrieval and denudation was 2 -3 h. Denudation was performed in a 100 ml droplet of HTF-SS containing 80 IU of recombinant cumulase (Halozyme Therapeutics, CA, USA) for 30 s at most, and sequentially in two washing droplets without enzyme. MII oocytes were used for ICSI and the CC were pooled per patient and snap frozen immediately after denudation. All manipulations were performed under sterile conditions on a heated-stage microscope (378C).
RNA extraction and RT reaction
Total RNA was extracted using the RNeasy Micro kit (Qiagen, Westburg, Leusden, The Netherlands) on the Qiacube (Qiagen, Westburg, Leusden, The Netherlands) using the RNeasy DNase digestion extraction protocol. Isolated RNA was eluted with 14 ml of RNase-free water and was subsequently treated with RQ1 RNase-Free DNase (Promega, Leiden, Netherlands) according to the manufacturer's protocol in a total volume of 20 ml and stored at 2808C. Subsequently, the human total RNA was reverse transcribed using the iScript cDNA Synthesis Kit (Bio-Rad Laboratories, Gent, Belgium) according to the manufacturer's instructions using the blend of oligo(dT) and random hexamers in a total volume of 20 ml which was ultimately diluted to 80 ml. Negative controls were generated by omitting the RNA or the reverse transcription enzyme. All resulting cDNA was frozen at 2808C and used for PCR within 2 weeks. 
Quantitative PCR
PCR primer design for Q-PCR was performed using the Universal Probe Library (UPL) software (Roche Diagnostics, Roche Applied Science, Mannheim, Germany). Primers were selected to be RNA specific and complementary to the human sequence of Hyaluronan synthase (HAS2), Versican (VCAN), Syndecan 4 (SDC4), Activated leukocyte cell adhesion molecule (ALCAM), Prostaglandin-endoperoxide synthase 1 (PTGS1), Prostaglandin-endoperoxide synthase 2 (PTGS2), Dual specificity phosphatise 16 (DUSP16), Sprouty homolog 4 (SPROUTY4) and Ribosomal protein S6 kinase, 90 kDa, polypeptide 2 (RPS6KA2) ( Table III) . The expression in the human CC was normalized using the ALU-J primers (kindly provided by Prof. J. Vandesompele, CMG UZGent, Belgium). Q-PCR was performed on the LightCycler 480 (Roche Diagnostics, Mannheim, Germany) with the LC480 SYBR Green I Master (Roche Diagnostics, Mannheim, Germany) containing 2 ml of cDNA and 0.6 mM of primers in a total volume of 15 ml. After 10 min of activation at 958C, cycling conditions were 10 s at 958C, 30 s at 608C and 1 s at 728C for 40-55 cycles for the specific genes, and 15 s at 958C, 60 s at 608C for 40 cycles for ALU-J, the endogenous control. For Gremlin1 (GREM1), a commercial assay was used (Taqman Gene expression assay Hs00171951_m1, Applied Biosystems, Lennik, Belgium) on the LC480 in a total volume of 15 ml. A log6 dilution series of a synthetic oligonucleotide corresponding to the amplicon 
Statistical analysis
Gene expression ratios were log transformed and proportions were arcsin transformed to ensure Gaussian distribution. The patient and treatment related variables in the two stimulation groups were compared using the two-tailed t-test GraphPad Prism 4.01 (GraphPad Software, San Diego, USA). Since gene expression values most likely resulted from a combination of patient and treatment related variables, a linear regression model was established on the model of y ¼ a þ bx þ cz þ dt with the gene expression data as response variables. X, z and t were the patient and treatment related variables, with b, c, d as their respective indexes and a as the intercept.
Multivariable data analysis is more powerful than 2-variable analysis and also allows a more exploratory, hypothesis generating form of research. The ensuing regression model contained the variables with the highest influence on the expression of the specific genes. The patient and treatment related variables were chosen progressively, in three steps, with the best fitting variable from one of the three categories defined earlier being added at each step. The selection for Group 2 and 3 variables (as shown in Table II ) was made after the variables of Group 1 and Group 2 had been added, respectively. After adding the variables, a backward regression was performed. A P-value of 0.2 was used as threshold. Each variable was added together with its treatment interaction term, which was a multiplication of the variable and a variable representing the difference between the two types of gonadotrophin treatment. Treatment interaction terms could be omitted from the model (in the backward step), although their main effect was still present, but main effects could not be removed if any of the interaction effects were still present. If a variable was removed completely, the best fitting variable of the ones not yet present in the model was chosen without making any distinction between the three categories. The significance for the models and the main variables was set, respectively, at P , 0.01 and P , 0.05. Statistics were performed using R (www.R-project.org).
Graphs representing the relationships found in the statistical model
Significant correlations of gene expression with a variable or its treatment interaction term were represented in two-dimensional scatter plots. Linear regression lines calculated between the model's predicted values and the variable depicted in the horizontal axis were shown to suggest the direction of the correlation and to illustrate the significant differences (if any) between gonadotrophin treatments.
Results
All samples analyzed contained a sufficient amount of RNA to detect the endogenous control, ALU-J. All 10 genes were expressed in the CC of ICSI patients at the time of oocyte retrieval. On the basis of the melting curves, quantification was not reliable and was excluded for one sample in the ALCAM and SPROUTY4 analysis (this was the sample with the lowest ALU-J level) and four samples in the DUSP16 analysis.
Pregnancies (evaluated by positive serum hCG) were obtained in 9/ 31 (29%) and 5/26 (19%) of the HP-hMG and rFSH cycles with replacement of embryos, respectively (P . 0.05).
Biplot analysis of the 63 patients based on the 13 patient and treatment variables and the expression results for the 10 genes
To explore the correlations within the multivariable data set, taking into account all variables or expression values obtained for all 63 patients, two biplots were generated: one for the three categories of variables (patient characteristics, ovarian stimulation dependent variables and oocyte developmental competence related variables; Fig. 1A ) and one for the gene expression values (Fig. 1B) . The biplots shown here are the biplots according to the first and second principal component, which together represent 51% of the total variability. Points represent individual patients; the closer the distance between two points in Fig. 1B , the more similar their gene expression pattern; the closer the distance between arrows, the stronger the patient and treatment variables (Fig. 1A) or genes (Fig. 1B) are correlated. On the basis of the scatter and overlap of data points, there is no clear clustering of patients for either treatment. On the basis of Fig. 1 it can be concluded that serum progesterone and FSH concentrations as detected on the day of hCG injection are closely correlated. Oocyte quality related variables are closely correlated in a second group. Relative estradiol concentration on the day of hCG administration is closely correlated to fertilization (2PN) and degree of fragmentation (Low embryo Fragmentation). Ovarian Response and LH-levels at the time of hCG administration represent a third group. In the multivariable analysis (Biplot, Fig. 1 ), Age and Ovarian Response are on the same axis, but were inversely correlated, and serum LH, measured on day of hCG, was correlated to Ovarian Response.
On the basis of the arrow signs, each representing the expression values of one of the genes in Fig. 1B , the expression of HAS2 was closely related to the expression of PTGS2 and ALCAM. The fact that all expression related arrow signs were clustered and pointed in the same direction confirms the correlation between the different genes analyzed. The precise relationship between the ten factors is currently unknown, but a hypothetical scheme (Fig. 2) could be deduced from the literature (Richards et al., 2005; Shimada et al., 2006; Diaz et al., 2007) .
The statistical model describing the specific expression values
To determine which of the 13 variables most strongly influenced the expression level of each gene, and to investigate whether the expression differed depending on the type of gonadotrophin treatment, statistical models were generated using a multiple stepwise regression.
A significant model (P , 0.01, giving the best fit), containing three variables, led us to explain the differential expression for each gene except HAS2 (P ¼ 0.0292). The equations describing the models are included in Table IV . For 5 of the 10 genes the equations were found to be gonadotrophin stimulation dependent. This was either revealed by an altered intercept and or an altered index (respectively, a or b, c, d in the formula y ¼ a þ bx þ cz þ dt; see also Table V for statistical significances). Figure 3 contains explanatory graphs illustrating the three main relationships observed in this study (Fig. 3A-C) . These graphs display the linear regression lines that show the direction of the correlation and illustrate the differences (if any) between the two gonadotrophin treatments. Two regression lines on the graphs indicate that the two gonadotrophin treatments significantly altered the expression of a given gene. Parallel regression lines indicate a similar correlation with the considered variable for the two gonadotrophin treatments (Fig. 3A) . If a significant interaction term was retained in the model (Table V) , the correlation with the biological variable was not identical in the two gonadotrophin groups and the regression lines crossed each other (Fig. 3B and E, F) . Overlapping regression lines indicated that both patient populations had similar expression levels over the entire range (Fig. 3C) .
Considering the equations obtained, the expression of all genes, except VCAN, was significantly correlated to patient Age or BMI (P , 0.05; Tables IV and V) .
Patient Age or BMI and serum FSH concentration, as measured on the day of hCG administration, were identified as the three variables that most often significantly influenced gene expression (four of nine of the studied genes). PTGS1 and PTGS2 expression levels were found to be more correlated to patient characteristics and stimulation-dependent biological variables than to oocyte quality variables. VCAN expression was significantly correlated with oocyte nuclear maturity at retrieval, and high ALCAM and GREM1 expression levels were correlated with normal to fast embryo development: the latter three relationships are depicted in Fig. 3D -F and are also discussed below. Because no significant model was obtained for HAS2 with three variables and because the PTGS models were the only models without an oocyte developmental competence related variable, further statistical analysis was performed to extend the three-variable models with one additional variables. This was the best fitting variable of the ones not yet present in the model and was chosen by the program without making any distinction between the three categories. This additional step did not improve the significances for the HAS2 or PTGS2 models, but showed that PTGS2 expression correlated with !7cells on Day 3 and that the PTGS2 correlation was different in the two gonadotrophin groups (Fig. 4) . This embryo quality related variable was less significant (P ¼ 0.1085) than the three initial variables in the PTGS2 model (P , 0.005).
Genes in CC reflect the type of gonadotrophin used
As shown in Table V , the expression levels of SDC4, VCAN, GREM1, SPROUTY4 and RPS6KA2 were found to be significantly different between the two gonadotrophin treatments. In rFSH stimulated patients, expression levels were consistently higher for SPROUTY4 and lower for SDC4 when compared with HP-hMG stimulated patients. This is reflected in different intercepts in the models obtained for these genes for the two treatments (Table IV) . For the three remaining genes the relation between one or more of the variables and the expression was significantly different in the two gonadotrophin treatment groups as can be seen in the altered intercept and regression coefficients in the models for either treatment in Table IV . As such, VCAN expression was found to be negatively The multivariable dataset is represented by the two principal (descriptive) components for the highest variability with the first and second principal component, respectively in the lower and left axes for plotting the arrows and the upper and right axes for plotting the individual points. Circles and crosses representing, respectively, the 63 highly purified (HP)-hMG or rFSH stimulated patients. A biplot allows the display of the relationship between individual results (the points ¼ the 63 patients) and correlations among the variables. The closer the points, the more similar the patient and treatment variables (A) or the gene expression pattern (B) for these patients according to the first two principal components. The closer the arrows to each other, the more the variables (A) or the gene expressions (B) are correlated. Gene abbreviations: HAS2, hyaluronan synthase 2; VCAN, versican; SDC4, syndecan 4; ALCAM, activated leukocyte cell adhesion molecule; PTGS1, prostaglandin-endoperoxide synthase 1; PTGS2, prostaglandin-endoperoxide synthase 2; DUSP16, dual specificity phosphatise 16; SPROUTY4, sprouty homolog 4; RPS6KA2, ribosomal protein S6 kinase; 90 kDa, polypeptide 2; GREM1, gremlin1. correlated with Oocyte Maturity in rFSH stimulated patients (P , 0.0001), but was not differentially expressed in HP-hMG patients with differences in Oocyte Maturity (P ¼ 0.1756; Fig. 3E ). RPS6KA2 expression had a significantly positive correlation with the increasing Age of the rFSH stimulated patients (P , 0.001), whereas there was no correlation between Age and RPS6KA2 expression in HP-hMG stimulated patients (P ¼ 0.7812; Fig. 3B ). GREM1 expression was dependent on Age, !7 cells on Day 3 (% of normal or fast dividing embryos, Fig. 3F ) and serum progesterone on day hCG administration in rFSH stimulated patients, with a positive correlation for the first two variables and a negative correlation for the latter (P , 0.01, P , 0.05, P ¼ 0). In HP-hMG patients, the GREM1 expression seems to be independent of these three variables (all P . 0.05).
The extend model for PTGS2 showed that PTGS2 expression was inversely correlated with the embryo development stage on Day 3 (!7cells on Day 3) in the two gonadotrophin groups (Fig. 4) . For all genes apart from HAS2, a significant model was found (P-values of the model ,0.001). All variables marked with: ns, t, or * increased the significance of the specific model, though their direct relationship may not have been strong. The *, t and ns are the type III P-values obtained for this variable in the model and indicate the relationship of the individual variable with the gene expression. ns: not significant, t: P,0.1, *: P,0.05. **: P,0.01, ***: P,0.005. ns: the interaction with this term was significant, indicating a significant relation in at least 1 of the treatments or an inverse relation in both.
Table IV
The multiple regression models describing the expression values of the 10 genes after highly purified (HP)-hMG or recombinant FSH (rFSH) stimulation, using the three best fitting patient and treatment variables of the 13 available.
HP-hMG and rFSH:
Log(HAS2) ¼ 2.6276 þ 0.0127 Â (Age) 2 0.0163
Determinants of cumulus cell gene expression
Discussion
Novel genes in human CC related to the ovulatory response
The present investigation focused on 10 genes related to the ovulatory LH response found differentially expressed using micro array analysis as a function of oocyte competence (unpublished microarray data in mouse and human). The Q-PCR results confirmed the presence of mRNA of the ten genes in the CC of ICSI patients of both treatment groups 36 h after hCG injection. The biplot of the expression values confirmed the concerted expression of all selected genes and suggested that all are involved in the ovulatory response. The expression of SPROUTY4, DUSP16, RPS6KA2 and PTGS1 was previously undescribed in CC. From a list of 13 predefined patient and treatment variables routinely recorded during ART, the three major variables co-determining the expression level were identified for each gene, using multiple stepwise regression analysis. To date the expression of PTGS1 in the human ovary has not been extensively documented. The expression of both PTGS molecules depends on the same variables, i.e. the amount of circulating FSH, the patient BMI and Ovarian Response. The degree of similarity for mRNA expression between the two isozymes suggests a common mechanism of regulation or synergy between PTGS1 and 2 in CC.
Three genes that potentially regulate epidermal growth factor (EGF) signaling in the CC, i.e. RPS6KA2, SPROUTY4 and DUSP16, positioned on the outside of the cluster in the biplot of the expression results (Fig. 1B) together with VCAN, which distinguishes them from the rest of the genes. The precise relationship between the 10 factors in the cumulus is currently unknown, but a hypothetical outline (Fig. 2) of the main interactions could be deduced from the literature (Richards et al., 2005; Shimada et al., 2006; Diaz et al., 2007) . Ribosomal Protein S6 kinase, 90 kDa, polypeptide 2 (RPS6KA2) is a member of the ribosomal S6 kinase (RSK) family whose action is downstream of mitogen-activated protein kinase (MAPK)1/3 (formerly ERK1/2). The involvement of RSK proteins such as RPS6KA1/3, formerly known as RSK1/2, in oocyte nuclear maturation, as triggered by the RAF-MEK1/2-MAPK1/3 cascade, has been recently documented (Pelech et al., 2008) . The presence of RPS6KA2 mRNA (also referred to as RSK3) has been reported in bovine oocytes (Dalbies-Tran and Mermillod, 2003) , but for cumulus no data are available. It still needs Figure 2 Hypothetical scheme of the interactions occurring in CC.
Activation of the epidermal growth factor receptor (EGFr) will induce the phosphorylation of mitogen-activated protein kinase 1 (MAPK1) and 3. RPS6KA2 is a known intermediate in this pathway and its presence has been demonstrated in oocytes but its function in CC is currently unknown. The MAPK1/3 activation is required to obtain HAS2 expression in CC. The MAPK1/3 pathway will also allow PTGS2 induction, which via an autocrine regulation can activate the prostaglandin (PG) receptors on the CC. Prostaglandins, as well as LH, use the MAPK14 pathway in granulosa cells. This results in the production of EGF-like family members-an action which is also observed in the CC. The SPROUTY-family members are known inhibitors of growth factor pathways, such as the EGF pathway, but its action in CC has not yet been documented. DUSP16 is an inhibitor of the MAPK14, MAPK8 (not depicted here) and MAPK1/3 pathway, but with only a weak affinity for the latter. DUSP16 is an exceptional member of the DUSP family because it contains a MAPK1/3 phosphorylatable site, which will increase its half life (Katagiri et al., 2005) . As such, DUSP16 might be a key player in the balance between the prostaglandin/LH and the EGF-like family members stimulation. Phosphorylation is indicated by þp and dephosphorylation by -p. Abbreviations: MEK1/2 ¼ MAP2K1/2, mitogen-activated protein kinase kinase 1 and 2; AREG, amphiregulin; BTC, betacellulin; EREG, epiregulin; EP2/4, prostaglandin E receptor 2, subtype EP2 and EP4.
to be determined whether RPS6KA2 is involved in both cascades following MAPK1/3 expression.
The specific action of SPROUTY4 has not yet been documented in the ovary. SPROUTY molecules have mainly been associated with growth factor inhibition [fibroblast growth factor (FGF), vascular endothelial growth factor (VEGF)], but also with amplifying effects on the EGF signaling pathway (Cabrita and Christofori, 2008) . Increased SPROUTY2 expression in bovine GC has been associated with competent oocytes (Robert et al., 2001 ) and has been described in human luteal cells where its expression was induced by EGF and FGF (Haimov-Kochman et al., 2005) . SPROUTY heterodimers are described to be very potent, and recent data from mice confirmed a key role for SPROUTY2 in the oocyte CC communication, regulating the balance between FGF and EGF signaling in the CC and resulting in an amplification of the EGF signal after ovulation induction (Cabrita and Christofori, 2008; Sugiura et al. 2009 ).
DUSP16 is a unique member of the DUSP family in as far as it can be phosphorylated by activated ERK, which results in a longer lifespan. Since DUSP16 preferentially inactivates the mitogen-activated protein kinase 8 (MAPK8 earlier referred to as c-Jun N-terminal kinase or JNK) or mitogen-activated protein kinase 14 (MAPK14 earlier referred to as p38; Masuda et al., 2001) , there might be a switching-off of the p38 pathway used by LH, thereby generating a preference for EGF signaling in the CC. Further study is required to better understand the exact interactions and functions of the genes involved. Crosses and circles represent rFSH and HP-hMG stimulated patients respectively. Regression lines are dotted and dashed for rFSH and HP-hMG stimulated patients, respectively, and full lines are used if the relationship was equal in both gonadotrophin treatment groups. The results as mentioned here in brief are deduced from Table V. To facilitate the interpretation, only two variables were taken into consideration, and significance of the correlations is higher in the multivariable analysis (Table V) . (A) VCAN expression is significantly correlated to FSH and the HP-hMG.,rFSH variable, but the interaction of HP-hMG.,rFSH with FSH was not retained in the model. Graph A indicates that VCAN is positively (P , 0.005) correlated with FSH in both treatment groups and is systematically higher in rFSH stimulated patients. (B) RPS6KA2 expression was significantly influenced by Age and HP-hMG.,rFSH and the interaction of HP-hMG.,rFSH with Age. The two-dimensional graph demonstrates that RPS6KA2 expression is positively correlated to Age in rFSH (P , 0.001) and independent of Age in HP-hMG stimulated patients (P . 0.05). (C) PTGS1 expression is significantly correlated to Ovarian Response and was not different between the two treatments. The expression of PTGS1 is therefore lower in patients with a more responsive ovary, independently of the gonadotrophin preparation (P , 0.05). (D) ALCAM expression is significantly correlated to the developmental stage of the embryo (!7 cell Day 3) and there was no difference between the two treatments. This graph indicates that ALCAM expression is positively correlated with the developmental potential of the embryo independently of the gonadotrophin preparation. (E) VCAN expression was significantly correlated to the interaction of HP-hMG.,rFSH with the % of oocyte mature at oocyte retrieval and the % of oocyte mature at retrieval and HP-hMG.,rFSH. VCAN expression is negatively correlated with oocyte maturity in the rFSH group (P , 0.0001) and is rather independent of oocyte maturity in the HP-hMG group (P ¼ 0.1756). (F) GREM1 expression was significantly influenced by the interaction of HP-hMG.,rFSH with the !7 cell Day 3 and HP-hMG.,rFSH. GREM1 expression is positively correlated with the embryonic development in the rFSH group, whereas this correlation is not apparent in HP-hMG stimulated patients (P ¼ 0.02 in rFSH and P ¼ 0.6 in HP-hMG).
Age, BMI and ovarian response to stimulation, the main variables influencing gene expression in CC Inherent patient characteristics, such as Age and BMI, influenced the CC gene expression since they were significantly correlated with the expression of 9 in 10 genes. Age and BMI are well-known factors influencing ovarian responsiveness to gonadotrophins and ART outcome. HAS2, SDC4, ALCAM and RPS6KA2 showed a positive correlation to Age. The well-known inverse relationship between Age and Ovarian Response was also confirmed in the current population (Fig. 1A) . Hence, in patients where the ovaries were less sensitive to gonadotrophin action (because of increased age), the expression of PTGS1 and 2 was also higher.
Half the genes studied were also significantly influenced by the FSH concentration on the day of hCG administration. In long GnRH-agonist protocols, serum FSH levels correlated well with the units of gonadotrophins administered. This emphasizes the importance of gonadotrophin treatment doses on the CC gene expression. It has been demonstrated that treatment with high doses of FSH increases progesterone production in normo-ovulatory patients (Ubaldi et al., 1996) . A similar correlation is also observed in our patients (Fig. 1A) and coincided with lower VCAN and RPS6KA2 expression and higher PTGS1 and PTGS2 and SPROUTY4 expression in both treatment protocols.
E 2 concentrations, oocyte quality and CC gene expression
The only stimulation-dependent variable that featured a close relationship with the oocyte quality related parameters (Fig. 1A) was relative serum E 2 . An increased level of E 2 per COCs retrieved, which shows that follicles are well advanced in maturation, correlated with an increased VCAN and reduced SDC4 mRNA production in the CC (Table IV) . SDC4 protein has already been described in the follicular fluid of IVF patients at 34 h post-hCG and its abundance was inversely correlated with the E 2 levels (Sakata et al., 2000) : the inverse correlation with E 2 seems to confirm the inverse relationship on the CC mRNA level observed in the current study. Higher VCAN and lower SDC4 might as such be potential markers for good oocyte quality.
Oocyte development variables related to CC gene expression
Although the current study population was quite heterogenous, some oocyte development related variables already correlated significantly with gene expression: maturity of the oocyte (VCAN), percentage of fragmentation in embryos (RPS6KA2) and embryo cleaving speed (GREM1 and ALCAM).
Patients with a higher percentage of mature (polar body) oocytes had less VCAN expression. This correlation with maturity was most prominent in rFSH stimulated patients (Fig. 3E) .
Expression of ALCAM mRNA and protein during the ovulatory response in mouse COCs was more pronounced in CC than in mural GC, reaching maximal levels in the mouse CC immediately prior to ovulation . ALCAM protein is localized at the surface of all CC, but its function, originally related to immune cell function, remains to be elucidated in the COC.
A positive correlation of ALCAM expression with normal to fast embryo cleavage has not been reported before and makes it a promising new marker.
In rFSH stimulated patients, GREM1 expression was positively correlated to good embryo development. In this series of HP-hMG patients, GREM1 expression appeared to be independent of this variable (P . 0.05), although McKenzie et al. (2004) described that a high GREM1 expression in eight patients stimulated with menotropin was positively correlated with embryo development. In the same study, increased HAS2 and PTGS2 expression was also proposed to predict embryo development. In the current study, no significant relation with gamete quality-related variables was retained for HAS2. In contrast to the McKenzie study, the current study was not specifically designed to detect quality related expression differences. Other reasons could be related to differences in the gonadotrophin used or to the patient series effect. In another recently published study, which included only GnRH agonist/rFSH stimulated patients, PTGS2 expression was found to be inversely correlated with embryo development (Feuerstein et al., 2007) . The extend PTGS2 model obtained on our data, showed a positive correlation with PTGS2 expression in GnRH agonist/HP-hMG and a negative correlation for GnRH agonist/rFSH stimulated patients with the embryo development stage on Day 3 (!7cells on Day 3; Fig. 4 ) and thus confirms that the apparent contradiction found in the McKenzie and Feuerstein studies might result from the difference in the stimulation protocol.
Implication of the gonadotrophin preparation used
It has been shown that gonadotrophin preparations that differ in LH bioactivity are associated with different endocrine and paracrine profiles (Smitz et al., 2007) . The use of rFSH and HP-hMG significantly modified the expression in the COCs of half the genes selected here (Table III) . Patients who had been treated with rFSH presented a constitutive 1.4 times increased SPROUTY4 expression level and a 1.3 times lower SDC4 expression level when compared with patients who had been stimulated with HP-hMG. The expression of VCAN, GREM1 and RPS6KA2 also diverged significantly in the two treatment groups, but this depended on the clinical and biological parameters.
SDC4 expression in GC has been shown to be regulated during follicular growth and is drastically increased in mural GC during follicular atresia. In CC, SDC4 expression increases during oocyte maturation and might be associated with the final differentiation of the CC (Ishiguro et al., 1999; Sakata et al., 2000) . The 1.3-fold increased expression of SDC4 in HP-hMG CC possibly suggests a more advanced ovulatory response due to the pre-exposure to hCG in the HP-hMG during the growth period of the antral follicle, although the implications of such an increase are as yet unknown. SDC4 modulates signaling induced by growth factors, such as transforming growth factor B, basic FGF and VEGF, by acting as a (co-)receptor for these growth factors (Beauvais and Rapraeger, 2004) and might regulate the ovulation and the associated immune response in the CC.
SPROUTY4 might, as SPROUTY2, be involved in the regulation of the EGF response in the CC. Since in this study SPROUTY4 expression was significantly associated with higher serum FSH levels, which were associated with increased progesterone levels, increased SPROUTY4 expression might indicate a poor prognosis. The exact implication of the 1.4-fold increased expression observed in COCs of the rFSH group is currently unknown.
The current study indicates that the correlation between certain variables and gene expression in cumulus is gonadotrophin preparation dependent.
As an example: Age (RPS6KA2, GREM1), Oocyte Maturity (VCAN), progesterone (GREM1) and embryo development on Day 3 (GREM1) were differentially correlated in the gonadotrophin treatments. A clear correlation was often observed in the rFSH stimulated patients, whereas expression levels in the HP-hMG stimulated patients seemed independent of these variables. We speculate that exposure to LH bioactivity in HP-hMG preparations during the entire follicular phase might lead to a damping effect on LH responsive genes after 36 h. Given the complexity of the interactions observed (dependency of multiple patient characteristics) and the currently limited knowledge about the function of the CC genes, it is still difficult to fully explain the biological/causal correlations.
Conclusions
For the first time, the presence of PTGS1, SPROUTY4, DUSP16 and RPS6KA2 mRNA in CC is demonstrated. CC gene expression analyzed at oocyte retrieval proved to be correlated to multiple patient and treatment related variables, such as serum FSH concentration at the end of stimulation, Age and BMI. Increased ALCAM, GREM1 and RPS6KA2 expression, and possibly also increased VCAN and lower SDC4 expression, are correlated to better embryo development. For the other genes, a relationship with oocyte quality might still exist, but is of less predictive value than the three patient or stimulation related variables in the model. We hypothesize that a prospective study on gene expression in individual cumulus complexes might reveal a higher discriminative power of the selected cumulus genes, if they are normalized for the confounding variables identified in this study. Cumulus complexes from HP-hMG or rFSH stimulations respond differentially during a critical period of oocyte maturation. Patients who had been treated with rFSH presented a constitutive increased SPROUTY4 and lower SDC4 expression when compared with patients who had been stimulated with HP-hMG. The expression of VCAN, GREM1 and RPS6KA2 also diverged significantly in the two treatment groups, but this depended on the clinical and biological parameters. CC gene expression analysis might prove to be a valuable tool for further optimization of stimulation protocols. Regression lines are dotted and dashed for rFSH (crosses) and HP-hMG (circles) stimulated patients. The three most robust variables determining PTGS2 expression did not contain oocyte quality-related variables. An additional regression step led to the addition of the variable !7 cell day 3 together with its interaction factor. This embryo quality variable was less strong (P ¼ 0.1085) than the three initial variables. The two-dimensional representation of this correlation illustrates the positive correlation with PTGS2 expression in HP-hMG and the negative correlation for rFSH stimulated patients.
